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March  4,  1986 

Representative  Joe  Quilici 

Chairman,  Telecommunications  Policy  Advisory  Council 

3040  Kossuth 

Butte,  MT  59701 


Dear  Chairman  Quilici: 

The  Department  of  Administration,  with  its  consultant  Federal  Engineering, 
Inc.,  has  concluded  its  feasibility  analysis  of  alternative  telecommunica- 
tion network  designs  for  the  State.  This  analysis  with  recommendations  is 
contained  in  the  attached  report. 

This  report  is  presented  to  you  and  your  council  members  for  the  purpose  of 
explaining  the  results  of  consultants'  analysis  within  the  context  for 
Montana's  current  budget  levels  for  telecommunications  services,  and  within 
the  context  of  Montana's  current  regulatory  setting.  We  have  attempted  to 
minimize  the  use  of  technical  terms,  and  hope  that  we  have  been  successful 
in  this  endeavor. 

As  the  conclusions  and  recommendations  explain,  the  State  has  viable 
alternatives  to  consider  to  provide  the  network  services  required  by  State 
agencies.   These  alternatives  represent  improved  services  at  reduced  costs 
without  adverse  public  policy  implications.   Therefore,  we  concur  with  the 
recommendations . 

The  Advisory  Council  has  been  instrumental  in  assisting  the  Department  with 
the  progress  to  date  on  this  project,  and  we  look  forward  to  working  with 
you  and  the  Council  in  the  future. 


Sincerely, 


Anthony  Ijirbert,  Chief 
Telecommunications  Bureau 


Mike  Trevor,  Administrator 
Information  Services  Division 
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CHAPTER  1 


EXECUTIVE  SUMMARY 


The  objective  of  this  Telecommunications  Network  Project  is  to  determine  the 
feasibility  of  putting  in  place,  where  cost-effective,  digital  links  which  can 
carry  both  voice  and  data  traffic,  and  to  improve  the  management  control  and 
flexibility  of  the  State's  existing  networks. 

The  Department  of  Administration  of  the  State  of  Montana  is  responsible  for 
the  planning  and  operations  of  telecommunications  equipment  and  services  for 
agencies  of  State  government.   As  the  costs  of  providing  current  voice  and 
data  networks,  and  the  volume  of  traffic,  continue  to  grow,  the 
telecommunications  marketplace  is  in  the  midst  of  significant  change. 
Climbing  network  costs,  divestiture  of  the  AT&T/Bell  system,  the  recent 
deregulation  of  services  at  both  the  federal  and  state  levels,  and  the 
emergence  of  new  providers  of  service  and  new  technological  options  can  be 
viewed  both  as  new  problems,  and  new  opportunities,  for  Montana. 

To  provide  policy  guidance  in  addressing  these  issues,  the  Department  of 
Administration  appointed  in  1984  a  Telecommunications  Policy  Advisory  Council 
(TPAC),  comprised  of  legislators,  agency  representatives  and  representatives 
of  county  and  local  government.   With  the  recommendation  of  TPAC,  and  support 
of  the  1985  Legislature,  the  Department  has  retained  Federal  Engineering, 
Inc.,  of  Vienna,  Virginia,  to  focus  the  State's  telecommunications  needs  and 
options  and  to  recommend  a  new  cost-effective  network  design.   Western 
Consulting  Group  of  Helena,  was  retained  as  a  subcontractor  to  address 
regulatory  and  other  public  policy  issues. 
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The  consultants  and  the  Department  reviewed  current  and  projected  network 
needs  with  the  user  agencies,  identified  requirements  and  estimated  traffic 
growth  over  a  ten-year  planning  horizon.   Alternative  network,  models  and 
technological  options  were  then  defined. 

Current  and  potential  providers  of  service  were  contacted,  and  a  variety  of 
technological  implementations  were  reviewed  including: 

o  digital  microwave 

o  leased  Tl  digital  circuits 

o  satellite  systems 

o  fiber  optics 

The  public  policy  implications  of  alternative  actions  were  also  weighed. 

Economic  selection  studies  were  completed  which  focused  on  the  routes  which 
carry  the  greatest  number  of  the  State's  circuits: 

o  Helena  -  Bozeman 

o  Bozeman  -  Billings 

o  Helena  -  Missoula 

o  Helena  -  Great  Falls 

o  Helena  -  Butte 

o  Missoula  -  Kalispell 

o  Helena  -  Warm  Springs 

o  Helena  -  Deer  Lodge 
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Based  on  ten  year  cost  projections  the  following  routes  are  recommended  for 
replacement  with  new  digital  facilities. 

ROUTES  WHERE  NEAR  TERM  CHANGES  ARE  RECOMMENDED 
Present  Worth  of  Annual  Costs 

Conventional  Tl  Microwave 

Cross -Section  Route Circuits Facilities Radio 

Billings-Bozeman         $1,155,191  $   716,157  $1,382,675 

Bozeman -Helena           5,415,637  2,040,657  1,574,784 

Helena-Missoula          1,136,442  665,580  1,551,223 

Helena-Great  Falls          681,203  482,696  820,450 

TOTAL                $8,388,473  $3,905,090  $5,329,132 


Total  of  least  cost  options:         $3,439,217 

Based  on  this  analysis,  the  State  can  save  almost  $5  million  over  the  ten-year 
period  by  placing  digital  microwave  radio  on  the  route  between  Helena  and 
Bozeman  and  leasing  digital  Tl  circuits  on  the  other  routes.   Additionally, 
the  report  concludes  that  there  are  no  adverse  public  policy  implications  that 
would  result  from  the  State  actively  pursuing  the  most  economically  and 
technically  efficient  competitive  network  configuration. 

Federal  Engineering  recommends,  therefore,  that  the  Department  of 
Administration  issue  a  Request  for  Proposal  (RFP)  for  new  digital  network 
services  for  the  network  routes  identified  above. 

The  RFP  will  provide  vendors  the  opportunity  to  propose  digital  circuits  on 
other  present  network  routes  as  well;  new  services  can  be  installed  in 
additional  routes  if  costs  prove  competitive  with  conventional  circuits. 
While  a  combination  of  microwave  and  leased  Tl  digital  circuits  appear  to  be 
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the  most  cost-effective  solution,  the  procurement  need  not  preclude  satellite, 
fiber  optics  or  any  combination  of  digital  services  as  possible  solutions. 

The  digital  network  as  recommended  meets  the  objective  of  improved  management 
control  and  flexibility.   The  design  can  better  support  the  projected  growth 
in  data  communications  within  Montana,  and  also  potentially  improve  readiness 
for  video  and  other  services  as  they  develop.   Most  importantly,  the 
recommendation  will  stabilize  a  substantial  portion  of  the  State's  network 
costs  and  can  be  accomplished  within  current  level  budgets  of  the 
Telecommunications  Bureau. 
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CHAPTER  2 


PROJECT  BACKGROUND  AND  OBJECTIVES 


2.0   INTRODUCTION 

An  effective  internal  communications  capability  is  a  critical  requirement 
for  government.   An  even  more  important  requirement  is  ensuring  that  the 
government  is  accessible  to  the  people.   Montana's  sparse  population 
(790,000  people)  spread  over  great  distances  (145,000  square  miles)  makes 
these  goals  more  important,  and  more  difficult,  to  achieve. 

The  Department  of  Administration,  acting  through  the  Telecommunications 
Bureau  of  the  Information  Services  Division,  is  responsible  for  the 
management  of  the  telecommunications  services  for  state  government. 
Montana  has  in  place  today  telecommunications  networks  which  provide 
shared  voice  and  data  services  for  agencies,  departments,  colleges  and 
universities. 

The  Department  of  Administration's  management  of  these  important  voice 
and  data  networks  have  been  guided  by  the  following  objectives. 

o  To  improve  the  availability  and  reliability  of  the  State's 
telecommunications  services; 

o  To  deliver  the  best  service  at  the  lowest  possible  cost; 

o  To  improve  the  system's  flexibility  to  meet  changing  needs  and 
opportunities;  and 
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o  To  weigh  the  potential  public  policy  implications  of  alternative 
choices  before  taking  action. 

This  report  provides  an  analysis  of  new  network  alternatives  for  Montana 
and  this  analysis  has  been  performed  with  these  objectives  in  mind. 

2.1   STATE  TELEPHONE  NETWORK  (STN) 

Montana  currently  has  in  place  a  voice  telephone  network,  linking  state 
owned  telephone  switches  in  thirteen  towns,  as  shown  in  Figure  2-1.   In 
1983,  the  State  completed  the  installation  of  ten  Northern  Telecom  SL-1 
PBX's  (private  branch  exchanges)  in  Helena,  Missoula,  Bozeman,  and 
Billings,  and  the  replacement  of  over  12,000  telephones.   As  a  part  of 
this  "Big  Four"  project,  the  State  simultaneously  put  in  place  Northern 
Telecom's  Electronic  Switched  Network  (ESN)  capability,  and  a  Network 
Control  Center  in  Helena. 

Through  these  capabilities,  the  State  can: 

o  Manage  the  routing  of  calls  originating  in  network  locations; 

o  Continually  gather  traffic  information  to  both: 

o  Provide  billing  and  accounting  records  for  usage  in  all  network 
sites. 

o  Monitor  the  calling  traffic  on  present  routes,  and 

o  Support  dynamic  reconfiguration  of  the  network. 

As  the  map  indicates,  the  State  has  procured  additional  SL-1  switches  in 
State  facilities  in  Warm  Springs,  Deer  Lodge,  Great  Falls,  Dillon,  Havre, 
and  Boulder.   The  only  remaining  leased  PBX  is  at  the  Pine  Hills  School 
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in  Miles  City,  and  this  location  is  scheduled  for  replacement  in  the 
Summer  of  1986. 

Smaller  State  offices  across  Montana,  whose  needs  do  not  require  the 
larger  PBX,  have  been  converted  to  State  owned  electronic  key  telephone 
systems  which  provide  new  capabilities  at  improved  rates,  and,  in  most 
cases,  direct  accessibility  to  the  State  Telephone  Network  (STN) . 

The  major  benefit  and  advantage  realized  by  the  State  through  the 
purchase  of  its  own  telephone  equipment  during  the  past  four  years  has 
been  the  fixing  of  equipment  costs. 
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FIGURE   2-1 


2.2   DATA  COMMUNICATIONS  NETWORK  (DCN) 

The  State  currently  supports  data  communications  needs  of  its  agencies 
with  a  separate  star/hub  network  configuration,  with  the  State  Data 
Center  in  Helena  as  the  hub.   A  current  map  of  the  Data  Communications 
Network  (DCN)  is  shown  in  Figure  2-2.   From  a  handful  of  terminals  in 
1975,  the  Data  Communications  Network  today  supports  more  than  1,500 
terminals  across  the  State  and  user  agency  plans  project  more  than  2,500 
by  the  end  of  1987. 

The  State's  Data  Communications  Network  is  a  single  integrated  system, 
supporting  simultaneously: 

o  Many  different  applications  from  a  number  of  agencies,  as  discussed 
in  Section  3.2; 

o  Different  terminal  devices  at  user  sites;  and 

o  Different  speeds  of  transmission. 

Concentrators,  as  depicted  on  the  map,  provide  for  circuit  concentration 
in  Billings,  Great  Falls,  and  Missoula,  making  possible  improved 
economies  in  circuit  usage. 
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FIGURE  2-2 


2.3   COMPETITION  AND  DEREGULATION 

The  State's  network  development  activities  have  proceeded  during  a  time 
of  emerging  state  and  national  telecommunications  policies  and 
technological  change.   In  the  late  1960 's  federal  regulatory  and  court 
decisions  first  permitted  connection  of  non-Bell  terminal  equipment 
(telephone  instruments)  to  the  Bell  network.   During  the  ensuing  fifteen 
years,  the  telecommunications  industry  experienced  a  transition  from  the 
former  regulated  monopoly  (utility)  structure,  as  the  FCC  and  court 
actions  permitted  and  encouraged  competitive  providers  and  technologies. 

The  divestiture  of  the  AT&T/Bell  System  on  January  1,  1984,  marked  the 
most  significant  event  in  telecommunications  history  and  culminated  a 
decade  of  antitrust  litigation  by  the  U.  S.  Department  of  Justice  against 
AT&T.   The  "bottleneck  monopoly"  theory  underlying  the  Bell  System 
divestiture  was  based  upon  the  ant i- competitive  nature  and  structure  of 
an  integrated  telecommunications  company  providing  both  the  basic  (or 
bottleneck)  monopoly  service  and  competitive  (or  potentially  competitive) 
services  (e.g.,  long  distance  services). 

Of  particular  significance  to  Montana's  Networks,  is  that  the  divestiture 
restricted  the  services  offered  and  area  served  by  Mountain  Bell  in 
Montana.   Mountain  Bell's  operations  in  Montana  are  now  restricted  to 
services  performed  within  two  geographical  areas  call  Local  Access  and 
Transport  Areas  (LATA's),  the  eastern  and  western  Montana  LATA's. 
Mountain  Bell  offers  services  (e.g.,  private  line  and  long  distance) 
within  each  LATA  (i.e.,  intraLATA)  but  cannot  offer  such  services  between 
each  LATA.   Currently,  AT&T  offers  long  distance  and  private  line  service 
between  the  eastern  and  western  Montana  LATA's  (i.e.,  interLATA  service). 
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However,  because  AT&T  currently  does  not  have  a  "point  of  presence"  (POP) 
or  access  connection  in  Bozeman,  private  lines  between  Helena  (WestLATA) 
and  Bozeman  (EastLATA)  are  proposed  to  be  priced  on  the  basis  of  mileage 
from  Helena  to  Billings  and  back  to  Bozeman.   The  result  is  economically 
prohibitive  and  irrational.   This  situation  is  critical  since  the  State 
of  Montana's  most  concentrated  cross -sectional  circuit  requirement  exists 
between  Helena  and  Bozeman. 

Because  of  the  significant  cost  increases  incurred  by  the  State  in  recent 
years  to  provide  its  needed  network  services ,  it  is  apparent  that 
alternative  network  strategies  must  be  developed.   AT&T  has  a  competitive 
opportunity  to  establish  an  access  connection  in  Bozeman  in  order  to  more 
economically  provide  the  State  private  line  requirements.   The 
opportunity  also  exists  for  alternative  carriers  (e.g.,  MCI,  GTE  Sprint, 
etc.)  to  enter  Montana  on  both  an  interLATA  and  intraLATA  basis,  although 
no  facilities -based  carrier  has  yet  elected  to  do  so.   To  the  extent  an 
alternative  carrier  is  considering  a  route  across  Montana,  the  Montana 
network  project  may  provide  a  reasonable  incentive  for  earlier  entry  into 
Montana. 

The  other  significant  change,  which  bears  heavily  upon  the  opportunities 
for  network  optimization,  is  the  1985  Montana  Telecommunications  Act 
(MTA) .   The  purpose  of  the  new  MTA  is: 


"Section  2.   Purposes.   The  legislature  declares  that  it  remains 
the  policy  of  the  State  of  Montana  to  maintain  universal 
availability  of  basic  telecommunications  service  at  affordable 
rates.   To  the  extent  that  it  is  consistent  with  maintaining 
universal  service,  it  is  further  the  policy  of  this  state  to 
encourage  competition  in  the  telecommunications  industry,  thereby 
allowing  access  by  the  public  to  resulting  rapid  advances  in 
telecommunications  technology.   It  is  the  purpose  of  [section  1 
through  10  and  13]  to  provide  a  regulatory  framework  that  will 
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allow  an  orderly  transition  from  a  regulated  telecommunications 
industry  to  a  competitive  market  environment." 

This  new  Act  generally  provides  for  the  transition  from  regulated  utility 

status  to  an  unregulated  competitive  market  based  upon  a  demonstration 

that  competitive  alternatives  are  available.   The  Montana  Public  Service 

Commission  (PSC)  is  responsible  for  implementing  the  new  Act,  which 

provides  substantial  flexibility  to  both  the  existing  telecommunications 

companies  and  the  PSC  to  respond  to  the  changing  circumstances  in 

telecommunications  within  Montana. 

Consistent  with  these  state  and  national  policies  and  dynamics,  is  the 
goal  of  the  network  project  to  develop  and  acquire  cost-effective, 
responsive  and  flexible  telecommunications  services  through  a  competitive 
bid  program.   It  is  also  likely  that  the  State  of  Montana,  as  a  major 
user,  will  play  a  key  role  in  stimulating  competitive  service  and 
technological  options  within  Montana. 

2.4   TPAC  AND  THE  TELECOMMUNICATIONS  NETWORK  PROJECT 

While  the  State  currently  owns  the  network  switches  and  the  DCN  hub 
computer,  the  voice  and  data  communications  lines  linking  the  node 
locations  are  at  present  leased  from  common  carriers.   As  the  preceding 
discussion  suggests,  new  network  strategies  are  required. 

For  some  time,  the  State  has  benefitted  from  relatively  inexpensive 
common  carrier-provided  rates  known  as  Telpak.   These  rates  are  no  longer 
available,  and  the  replacement  rates  are  significantly  higher.   While 
dealing  with  the  increased  costs  of  eliminating  Telpak  rates  is  itself  a 
considerable  challenge,  the  State  is  experiencing  simultaneously: 
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o  The  increased  costs  resulting  from  routing  through  AT&T  Points  of 
Presence; 

o  The  removal  of  all  private  line  services  from  tariff,  with  the 
resulting  need  to  negotiate  the  rates; 

o  The  coordination  concerns  of  dealing  with  multiple  vendors; 

o  The  tremendous  growth  of  different  network  technologies;  and 

o  The  potentials  of  new  offerors  of  service. 

To  provide  policy  guidance  on  these  and  other  important  issues  relating 
to  telecommunications,  the  Department  of  Administration  appointed  a 
Telecommunications  Policy  Advisory  Council  (TPAC)  in  August  1984. 
Through  meetings  in  the  Fall  of  1984,  the  Council  heard  from  members  of 
the  Department  and  members  of  the  vendor  community.   In  December  1984, 
the  Council  made  the  following  recommendations: 

Short-term 

That  the  Department  of  Administration  seek  to  negotiate  two-to-three 
year  agreements  with  the  providers  of  telecommunications  services 
(AT&T  and  Mountain  Bell)  to  fix  rates  for  the  current  services. 

Responding  to  the  Short-Term  Recommendation,  the  Department  was 
successful  in  completing  an  agreement  with  Mountain  Bell  for  all 
intraLATA  services.   The  thirty-month  agreement,  completed  in  June  1985, 
improved  and  fixed  the  cost  for  the  private  voice  and  data  circuits 
provided  by  Mountain  Bell,  and  also  provided  new  and  alternative 
discounted  rates  for  all  intraLATA  calls  initiated  by  any  state  agency. 
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The  Department  was  unsuccessful,  however,  in  obtaining  economically  sound 
and  viable  fixed  agreement  for  InterLATA  circuits.   These  services  are 
being  provided  today  under  30  day  renewable  agreements  which  are 
continually  subject  to  price  changes. 

Long-Term 

o  That  the  Telecommunications  Policy  Advisory  Council  be  continued 
into  the  1986-87  biennium,  to  work  with  the  Department  of 
Administration  in  addressing  the  long-term  telecommunications 
direction  of  the  State. 

o  That  the  Department  of  Administration  be  empowered  to  seek 
appropriations  from  the  1985  Legislature  to  contract  with  an 
outside  telecommunications  consultants  to  work  with  the  Department 
and  the  TPAC  to: 

o  Conduct  a  detailed  identification,  assessment  and  analysis  of 
network  needs. 

o  Design  network  alternatives  to  address  the  needs. 

o  Assist  in  preparation  of  documents  to  solicit  alternative 
network  proposals  for  solutions. 

o  Assist  in  evaluation  of  network  proposals. 

o  Assist  in  preparation  of  recommendations  to  be  presented  with 
the  Advisory  Council  to  the  1987  Legislature. 
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In  response  to  the  Long-Term  Recommendations,  the  following  actions  were 
carried  out: 

o  The  Telecommunications  Policy  Advisory  Council  was  re-appointed. 
(A  list  of  TPAC  members  is  in  Volume  2,  Appendix  A.) 

o  The  1985  Legislature  approved  funding  for  a  network  consultant.   As 
a  result  of  a  competitive  RFP  process,  Federal  Engineering,  Inc., 
of  Vienna,  Virginia  was  selected  from  nineteen  applicants  to  work 
with  the  Department  in  carrying  forward  a  long-term 
Telecommunications  Network  Project.   Western  Consulting  Group  of 
Helena  was  retained  as  subcontractor  by  Federal  Engineering,  to 
address  regulatory  and  competitive  issues. 

The  contract  between  Federal  Engineering  and  the  Department  of 
Administration  structured  the  work  into  three  phases. 

1.  Feasibility  Analysis,  Design  Alternatives  and  Action  Recommendations 

2.  Development  of  a  Request  for  Proposal 

3.  Proposal  Evaluation,  Recommendation  and  Implementation. 

The  information  presented  in  the  balance  of  this  report  represents  the 
conclusion  of  Phase  I  of  the  Project  with  Federal  Engineering.   It 
contains  detailed  analysis  of  the  State  network  requirements,  today  and 
in  the  future,  an  analysis  of  the  alternative  means  to  meet  these 
requirements  and  Federal  Engineering's  recommendation  to  provide  the  most 
cost  effective  network  solution.   This  report  has  been  compiled  as  a 
cooperative  effort  between  Federal  Engineering,  Inc.,  Western  Consulting 
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Group  and  the  Telecommunications  Bureau  of  the  Information  Services 
Division,  Department  of  Administration. 


Page  17 


Page   18 


CHAPTER  3 
REQUIREMENT  DEFINITIONS 

3.0  INTRODUCTION 

The  first  step  in  any  network  design  is  to  determine  the  specific 
requirements  which  must  be  fulfilled.   These  requirements  must  be  defined 
in  terms  of  current  needs,  future  needs  of  existing  services,  and  future 
needs  of  new  types  of  services. 

The  key  initial  task  performed  was  to  interview  representatives  of  the 
State  agencies,  universities  and  colleges  focusing  on  their  current 
telecommunications  usage  and  their  plans  and  projections  for  future 
needs.   Interviews  were  conducted  jointly  by  the  State's  Project  Manager 
and  Federal  Engineering's  Project  Manager.   An  interview  guide  and  a 
summary  of  each  agency  interview  is  presented  in  Volume  2,  Appendix  B. 

3.1  VOICE  REQUIREMENTS 

The  level  of  satisfaction  with  current  voice  services  was  uniformly  high; 
many  people  commented  on  the  value  of  new  features  and  their  ease  of  use. 
Agency  calling  needs  and  patterns  reflect  the  concentration  of  regional 
offices  in  the  population  centers.   Almost  all  offices  are  located  in 
cities  and  towns  which  are  the  seats  of  Montana's  fifty-six  counties,  and 
these  patterns  were  factors  in  the  development  of  network  conceptual 
models . 

No  growth,  or  at  best,  slow  growth  in  staff  and  facilities  is  forseen  in 
the  agencies.   However,  many  agencies  are  making  increasing  use  of  the 
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communications  capabilities  provided  through  the  Department.   Meetings 
via  telephone  are  generally  proving  to  be  effective,  saving  time  and 
travel.   Some  departments  now  have  regularly  scheduled  teleconference 
meetings . 

While  no  agency  is  projecting  significant  growth  in  size,  voice 
telecommunications  needs  are  seen  to  at  least  stay  at  their  current 
levels . 

Present  Services 

The  State  currently  utilizes  several  different  types  of 
telecommunications  services,  provided  by  several  different  common 
carriers.   These  include: 

o  Individual  subscriber  telephone  lines,  either  provided  by  local 
exchange  carriers  or  derived  from  such  concentrating  devices  as 
PBXs  and  key  telephone  systems. 

o  Trunk  circuits  between  PBXs  and  common  carrier  control  offices. 

o  Local  and  inter-city  tie  lines  between  PBXs 

o  Foreign  exchange  (FX)  lines  providing  local  access  to  a  telephone 
in  one  city  for  callers  in  another  city. 

o  Toll  service,  discounted  toll  service  and  Wide  Area  Telephone 
Service  (WATS). 

The  State  operates  large  PBXs  in  major  population  centers,  most  of  which 
are  owned  by  the  State  and  maintained  under  contract. 
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Voice  Traffic  Levels 

Traffic  intensity  is  measured  by  the  amount  of  times  per  hour  that 
circuits  between  two  points  are  in  use.   The  basic  U.S.  unit  of  traffic 
intensity  is  CCS  (meaning  100  call  seconds).   The  number  of  circuits 
required  between  two  telephone  switches  (PBXs)  is  determined  by 
calculating  an  appropriate  formula  from  the  number  of  CCS  generated 
between  the  switches  and  the  probabilistic  grade  of  service  that  is 
acceptable,  expressed  in  the  decimal  equivalent  of  attempted  calls  that 
will  encounter  blockage  (busy).   For  example,  P. 01  grade  of  service  means 
that  on  average  1  out  of  100  attempted  calls  can  expect  to  encounter  a 
no-trunk-available  condition  during  the  busy  hour  of  the  day. 

The  size  of  the  tie  line  groups  between  the  large  State  PBX's  was  spot 
checked  against  the  traffic  being  offered  and  the  amount  being 
overflowed.   The  inter-PBX  line  sizing  appeared  to  be  within  reasonable 
limits . 

The  traffic  over  these  voice  circuits  fluctuates  with  various  predictable 
conditions,  such  as  whether  or  not  the  legislature  is  in  session  and 
whether  the  students  are  at  the  universities  or  away  for  the  summer 
months.   Shorter  and  sometimes  less  predictable  demands  occur  which  cause 
the  requirements  for  circuits  to  increase  or  decrease.   On  weekends  and 
holidays,  for  example,  the  demand  for  circuits  drops  significantly.   The 
same  is  true  after  working  hours  everyday.   Under  certain  conditions, 
dual  usage  for  voice  during  working  hours  and  data  traffic  at  night  can 
provide  attractive  economic  advantages. 

The  present  inter-city  tie  line  groups  are  designed  to  overflow  some 
traffic  to  the  public  common  carrier  network  during  periods  of  peak 
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demand.   This  has  been  a  very  satisfactory  arrangement  to  the  users 
because  availability  has  not  been  a  problem;  that  is,  they  do  not  often 
encounter  busy  signals  caused  by  a  shortage  of  inter-city  circuits.   A 
discounted  toll  arrangement  with  Mountain  Bell  has  made  this  approach 
relatively  economical.   If  access  to  less  expensive  State  controlled 
facilities  were  available,  it  would  be  advantageous  to  overflow  less  of 
this  peak  traffic  by  providing  more  inter-city  tie  lines.   However,  no 
attempt  should  be  made  to  completely  eliminate  this  overflow. 

3.2   DATA  REQUIREMENTS 

In  the  interviews  with  agency  personnel  it  was  learned  that  continued 
strong  growth  in  the  use  of  computer  terminals  and  computer  application 
is  expected.   This  growth  translates  into  increased  requirements  in  data 
communications  capabilities  for  the  State  in  the  future. 

Present  Data  Requirements 

The  State's  Data  Communications  Network  (DCN)  is  currently  separate  from 
the  State  Telephone  Network  (STN) .   The  DCN  in  comprised  of  dedicated 
point-to-point  circuits  operating  at  speeds  from  2.4  to  9.6  Kbps  (Kilo 
Bits  Per  Second) . 

The  DCN  is  already  supporting  a  number  of  agency  activities.   Many  of  the 
terminal  sites  on  the  State's  DCN  are  linked  to  the  Criminal  Justice 
Information  Network  (CJIN)  of  the  Department  of  Justice.   This  network,  a 
cooperative  effort  between  the  Department  of  Administration  and  law 
enforcement  agencies  at  the  state,  county,  and  local  levels,  makes 
possible  the  exchange  of  information  about: 
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o  missing  persons; 

o  stolen  vehicles; 

o  drivers  license  inquiries;  and 

o  wants  and  warrants . 

Through  the  DCN  message-switching  capability  in  Helena,  the  system  also 

enables  officers  at  any  CJIN  terminal  site  to  access  nationwide 

information  and  databases: 

o  directly  to  the  FBI  in  Washington,  into  their  National  Criminal 

Information  Center;  and 
o  directly  to  the  National  Law  Enforcement  Telecommunications  systems 

data  base  in  Phoenix. 

The  Department  of  Labor  and  Industry  has  implemented  a  network  which 
shares  the  DCN  lines.   The  Job  Service  offices  across  the  State  are 
linked,  enabling  more  than  300  terminals  to  have  access  to  regional  data 
bases  of  employment  opportunities. 

Other  current  users  of  the  data  communications  network  include: 

o  State  agency,  and  University  and  college  campuses,  for  direct 
connection  with  the  State  Wide  Budgeting  and  Accounting  System; 

o  The  Department  of  Justice,  which  supports  Motor  Vehicle 
registration  online  for  the  State's  ten  largest  counties. 

New  Data  Needs 

Agencies  projecting  significant  increase  in  data  communications 
requirements  are: 


o  the  Department  of  Social  and  Rehabilitative  Service; 

o  the  Department  of  Highways; 

o  the  Department  of  Revenue; 

o  the  Department  of  Institutions. 
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The  discussions  with  State  agencies  and  departments  identified  a  growing 
volume  of  communications  traffic  in  accessing  data  bases  of  information. 
Present  examples  include: 

o  Use  of  LEXIS  for  legal  information  by  the  Law  Library  of  the 

Department  of  Justice; 
o  Use  of  insecticide  information  at  Purdue  University,  Indiana,  by 

the  Department  of  Agriculture; 
o  A  Natural  History  Information  Base  is  being  established  at  the 

State  Library  in  Helena,  which  will  be  accessed  from  around  the 

State  and  beyond; 
o  Online  access  to  the  brands  database  of  the  Department  of 

Livestock; 
o  Access  to  results  of  Legislative  sessions; 
o  Future  online  access  to  the  Uniform  Commercial  Code,  provided 

through  the  Secretary  of  State's  office; 
o   Online  access  to  the  State's  Payroll  and  Personnel  Systems. 

Most  applications  on  the  State's  current  data  communications  network,  are 
inquiry/response  transactions,  typically  a  brief  inquiry  eliciting  a  much 
longer  response. 

In  support  of  its  construction  design  needs,  the  Highway  Department  has 
put  in  place  in  Helena  a  computer-aided  design  (CAD)  system.   If,  as  is 
intended,  this  capability  can  be  made  available  online  to  field  offices 
around  the  State,  this  would  create  a  new  requirement  for  very  large  file 
transfers  with  a  need  for  much  greater  bandwidth  (capacity)  than  the 
current  inquiry/response  traffic. 
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3.3  VIDEO  REQUIREMENTS 

While  no  immediate  requirements  for  video  were  identified,  our  agency 
interviews  elicited  interest  in  the  potentials  of  video  communication. 
In  particular,  people  in  the  Office  of  Public  Instruction  and  the 
University  units  expressed  a  concern  that  network  planning  include  future 
educational  television  applications.   Similarly  public  broadcast  needs 
and  off-campus  instruction  capabilities  are  being  examined  or  are 
underway  by  the  Montana  University  System.   Other  Helena-based  agencies 
spoke  of  meeting  and  training  benefits  if  cost-effective  video 
teleconferencing  were  a  reality. 

3.4  EMERGENCY  COMMUNICATIONS  REQUIREMENTS 

Representatives  of  the  Highway  Patrol  of  the  Department  of  Justice  noted 
that  they  currently  lack  the  ability  to  issue  a  radio  "all  points 
bulletin"  to  locations  across  the  State.   They,  the  Department  of 
Highways,  the  Department  of  Fish,  Wildlife  and  Parks,  the  Department  of 
State  Lands,  and  other  State  agencies  using  two-way  radio,  are  interested 
in  improving  the  coverage  and  cost-effectiveness  of  emergency  radio 
capabilities . 

Further  improved  coordination  and  capabilities  between  state  and  local 
governments  was  also  identified  as  a  need  in  the  emergency  radio  area. 

3.5  COMBINED  TRAFFIC  REQUIREMENTS 

The  results  of  the  interviews  indicate  that  the  projected 
telecommunications  services  are  not  significantly  different  in  character 
from  the  existing  services.   They  thus  will  be  primarily  voice  and  data 
oriented,  together  with  control  circuits  for  land  mobile  radio.   It  is 
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anticipated  that  all  current  circuit  requirements  will  grow  slowly  and  in 
the  same  areas;  that  is,  primarily  between  the  major  population  centers. 

The  major  thrust  of  this  feasibility  analysis  is  to  determine  the 
advisability  of  establishing  new  State  controlled  inter-city  methods  to 
provide  circuits  between  the  voice  PBXs ,  data  circuits,  and  FX  circuits 
and  to  satisfy  miscellaneous  requirements  such  as  mobile  radio  control 
circuits. 

The  present  circuit  requirement  was  determined  by  identifying  the 
existing  circuits  on  a  map,  based  on  the  physical  route  they  they  would 
follow  in  a  network.   Traffic  information  is  available  from  State  owned 
telecommunications  management  equipment .   Printouts  showing  the  voice 
overflow  by  route  and  by  time  of  day  covering  an  extended  period  of  time 
were  examined  to  establish  the  amount  of  overflow  traffic.   No  pattern 
was  readily  observable  and  the  amounts  of  overflow  varied  by  route,  and 
at  various  times  and  dates  on  the  same  route.   It  is  estimated  that  a  5 
percent  increase  in  the  number  of  tie  lines  between  cross  sections  would 
represent  a  reasonable  approximation  of  the  additions  necessary  to  reduce 
the  overflow  to  a  calculated  economical  level  for  the  State  controlled 
network. 

A  cross  section  route,  as  used  herein,  refers  to  the  circuits  appearing 
between  two  terminals  on  the  network.   For  example:   circuits  from 
Missoula  to  Billings  physically  follow  a  route  that  passes  through 
Missoula,  Helena,  Bozeman,  and  Billings.   The  Helena-Bozeman  cross 
section  route  includes  the  Missoula-Billings  circuits.   Requirements  are 
considered  in  this  way  because  equipment  is  necessary  for  each  of  the 
terminals  to  either  terminate  or  relay  each  circuits. 
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The  circuits  in  each  cross  section  are  estimated  to  grow  by  2  percent  per 
year.   This  is  a  conservative  growth  rate  and  is  used  primarily  because 
of  current  State  of  Montana's  economy.   Telecommunications  is  growing 
world  wide,  irrespective  of  economic  conditions,  as  more  efficient 
business  equipment  and  practices  develop.   This  trend  suggests  that  the 
circuit  growth  rate  may  actually  be  greater  than  the  estimate  used.   The 
usage  of  data  is  predicted  to  increase  significantly  within  the  State 
government,  but  the  number  of  circuits  required  will  grow  at  a  slow  rate 
because  of  two  factors: 

o  Existing  circuits  already  include  a  planned  growth  capacity;  and 

o  Future  use  of  higher  data  rates  can  increase  the  capacity  of  each 
circuit  many  fold. 

Figure  3-1,  on  the  following  page,  illustrates  the  present  circuit 
requirements  between  major  Montana  cities. 
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CHAPTER  4 


NETWORK  DESIGN 


4.0  INTRODUCTION 

This  chapter  analyzes  the  alternative  methods  available  for  the  State  to 
accommodate  the  requirements  as  defined  in  Chapter  3,  and  is  comprised  of 
4  major  sections: 

4.1  Geographic  Coverage 

4.2  Candidate  Routes 

4.3  Alternative  Providers 

4.4  Applicable  Technologies 

4.1  GEOGRAPHIC  COVERAGE 

A  primary  issue  to  be  addressed  in  the  network  design  process  is  the 
geographical  extent  of  the  system.   It  can  be  shown  that  network  systems 
of  the  type  under  consideration  for  the  State  of  Montana  possess  an 
optimum  geographical  extent.   Consider  first,  two  extreme  cases: 

o  A  Statewide  Network  would  certainly  be  extremely  useful  in  its 

functionality.   However,  its  cost  effectiveness  would  be  very  poor 
because  of  the  high  cost  of  facilities  to  serve  extremely  remote 
sites.   The  cost  "savings",  as  compared  to  today,  is  likely  to  be 
negative. 
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o  A  two -point  link,  on  the  other  hand,  could  generate  real  savings, 
especially  if  it  substitutes  for  one  of  today's  high  cross-section 
routes.   But  such  a  link  is  also  likely  to  be  suboptimal,  because 
it  does  not  go  far  enough.   That  is,  additional  savings  could  be 
realized  by  extending  the  system  to  serve  additional  high  cross- 
section  routes. 

Clearly,  the  optimal  network  extent  in  most  practical  situations  lies 
between  these  two  extremes. 

A  number  of  network  conceptual  designs  were  defined  and  explored,  with 
the  objective  of  beginning  the  process  which  would  lead  to  an  optimal 
network  recommendation.   Only  established  telecommunications  requirements 
were  used  in  developing  the  following  network  conceptual  designs. 
Emerging  requirements  were  not  incorporated  in  the  designs.   It  is  safe 
to  say,  however,  that  most  emerging  future  requirements,  particularly  in 
increased  data  circuit  speeds  and  capacities,  can  effectively  be 
accomplished  through  all  the  conceptual  designs  investigated. 

Conceptual  Design  Number  1 

A  fundamental  plan  microwave  system  was  developed  to  interconnect  all  of 
the  56  county  seats  in  Montana.   Routing  and  repeater  locations  were 
determined  by  paralleling  existing  working  microwave  routes  where 
possible,  supplemented  by  a  topographical  map  inspection.   It  was  known 
up  front  that  the  present  circuit  requirements  to  many  of  these  county 
seats  are  far  too  small  to  economically  justify  such  a  microwave  system. 
The  value  of  a  fundamental  plan,  however,  is  that  increments  of  the 
system  can  be  installed  and  activated  as  they  are  required.   If  the  plan 
is  followed  the  final  result  will  be  a  integrated  system,  rather  than  a 
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collection  of  unrelated  facilities.   Figure  4-1  illustrates  the 
conceptual  design  fundamental  plan  for  this  56  county  seat  microwave 
system.   (A  map  depicting  the  fundamental  plan  microwave  routing  with 
repeater  locations  is  included  in  Volume  2,  Appendix  C.) 

Conceptual  Design  Number  2 

A  second  conceptual  plan  links  19  selected  cities  with  dedicated 
facilities.   These  cities  were  selected  by  the  criterion  that  each  have 
more  than  ten  State  offices.   This  plan  is  illustrated  in  Figure  4-2. 
The  rationale  for  this  selection  is  that  the  larger  State  office 
concentrations  generate  a  voice  and  data  demand  which  may  be  more 
economically  serviced  by  State  point  to  point  facilities  than  by 
individual  telephone  lines  and  toll  calling. 

Conceptual  Design  Number  3 

The  third  conceptual  plan  links  the  eight  largest  Montana  cities,  as 
measured  in  terms  of  1980  populations,  with  a  dedicated 
telecommunications  network.   Generally,  the  large  cities  generate  the 
most  traffic  and  therefore  require  the  most  circuits.   See  Figure  4-3  for 
an  illustration  of  this  plan. 

Conceptual  Design  Number  A 

The  final  conceptual  plan  links  the  six  cities  with  SL1  PBX  switching 
nodes  with  dedicated  facilities.   The  largest  circuit  groups  are  the 
voice  tie  lines  between  these  PBXs .   Figure  4-4  is  an  illustration  of 
this  conceptual  network  model. 


31 


FIGURE4-1 


tut 

I-  — 

<    <_! 

H 

u 

2  Z 


z  

<  ^ 

Z  J   5 

O 

3 


FIGURE  4-2 


FIGURE  4-3 


I 


II 
II 
II 

II 
II 
II 
II 
II 
I 


FIGURE  4-4 


4.2   ALTERNATIVE  PROVIDERS 

Circuits  are  potentially  available  between  the  required  pairs  of  Montana 
cities  from  several  different  sources.   The  primary  common  carriers, 
Mountain  Bell  and  AT&T,  are  providing  these  circuits  at  present. 

Potential  suppliers  of  circuits  are  local  exchange  telephone  companies 
and  cooperatives,  other  common  carriers  and  organizations  operating 
private  microwave  systems  which  might  have  excess  capacity  and  a  desire 
to  resell.   National  and  regional  fiber  optics  based  carriers  may  also 
have  some  limited  future  potential. 

Mountain  Bell  and  AT&T  have  indicated  that  they  are  interested  in 
continuing  to  provide  the  services  required  for  the  State 
telecommunications  networks.   Western  Telecommunications  Inc.,  and 
National  Exchange,  Inc. ,  a  subsidiary  of  Burlington  Northern  Railroad, 
both  have  extensive  microwave  radio  routes  in  Montana  and  they  both  have 
expressed  an  interest  in  serving  the  needs  of  the  State. 

The  regional  fiber  optics  based  carriers  interviewed  were  non-commital 
when  questioned  about  Montana  routes  and  availability  dates.   These 
include  U.S.  Telecom  and  Litel. 

Several  companies  owning  private  microwave  radio  facilities  in  Montana 
were  interested  in  the  project  and  generally  expressed  a  desire  to 
maintain  contact  and  to  be  considered  in  the  future,  but  no  readiness  to 
participate  in  the  immediate  network  provisioning.   These  organizations 
included  the  following: 
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o  Montana  Power  Company 

o   Bonneville  Power  Administration 

MCI  and  GTE  Sprint  were  contacted  by  letter  to  determine  whether  they 
should  be  considered  as  potential  resources  of  services.   It  was 
concluded  that  they  may  be  possible  alternate  out-of-state  toll  carriers 
in  the  future . 

Some  of  the  more  viable  sources  of  circuits  are  companies  who  will 
construct  facilities  for  long  term  lease  or  for  ownership  by  the  State. 
The  recent  request  for  proposal  for  Tl  digital  facilities  between  the 
National  Guard  Armory  and  the  Mitchell  Building  in  Helena  was  responded 
to  by  five  organizations.   Other  organizations  indicate  that  they  would 
be  interested  in  responding  to  RFPs  for  larger  dollar  value.   These 
include: 

o  NEC  America 

o  ATT  Information  Systems 

o  Avantek 

o  Spectrum  Digital  Corp. 

o  Centel 

o  Digital  Microwave  Corp. 

o  Equatorial  Communications  Company 

o  GTE 

o  ITT 

o  Comsat  Tele  Systems,  Inc. 
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The  cost/benefit  analyses  were  conducted  using  budgetary  costs  obtained 
from  various  common  carriers  and  interested  service  providers ,  and 
equipment  costs  from  manufacturers. 

4.3  APPLICABLE  TECHNOLOGIES 

There  are  many  technical  approaches  to  effecting  the  telecommunications 
services  required  by  the  State.   Some  are  in  use  now,  some  can  be  easily 
added  to  existing  facilities  and  some  would  represent  a  major  change  in 
operations.   All  can  function  together  in  a  digital  system  and  none  of 
them  will  cause  degradation  in  quality. 

The  following  transmission  methods  have  been  considered  and  evaluated  in 
the  cost/benefit  analyses: 

o  Fiber  optics 

o  Microwave  radio 

o  Tl  digital  service 

o  Individual  leased  lines 

o  Satellite  systems 

Fiber  Optics 

Fiber  optic  cables  installed  for  State  purchase  or  dedicated  use  were 
compared  with  a  microwave  radio  system  for  the  Helena-Bozeman  route.   A 
fiber  optic  cable  has  much  greater  circuit  capacity  than  the  microwave 
radio  system  capable  of  carrying  the  required  circuits.   In  this  case, 
the  breakeven  cost  between  microwave  and  fiber  optics  occurs  at  about 
1300  circuits,  which  is  approximately  ten  times  the  projected  circuit 
needs.   Dedicated  fiber  optics  is  clearly  not  cost  competitive  with 
microwave  radio  for  routes  with  such  small  requirements.   Fiber  would 
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become  competitive  only  in  the  event  that  a  transcontinental  route  were 
to  be  built  across  Montana,  and  satisfactory  arrangements  were  made  with 
the  owner  of  such  a  system. 

Microwave  Radio 

Microwave  radio  is  a  mature  technology  that  is  and  will  remain  cost 
effective  under  a  variety  of  terrain  and  circuit  loading  conditions. 
Digital  microwave  radio  is  relatively  new  and  is  the  type  that  was 
considered  in  the  cost  studies  for  the  State  network.   Digital  radio  can 
be  economically  channelized  with  Tl  digital  circuits  which  efficiently 
carry  either  voice  or  data.   Most  of  the  cost  of  the  microwave  radio 
system  is  typically  expended  in  constructing  the  system.   Adding  circuits 
incrementally  is  then  relatively  inexpensive.   The  initial  outlays  go 
toward  the  purchase  of  land,  towers,  design  engineering,  surveys, 
frequency  coordination,  radios,  emergency  power  and  test  facilities. 
Depending  on  the  route  length,  microwave  radio  becomes  more  cost 
effective  than  other  terrestrial  methods  when  the  circuit  requirements 
are  between  70  and  100  circuits  in  the  cross  section. 

Tl  Digital  Format 

Tl  is  a  system  of  providing  multiple  voice  or  data  circuits  on  a  common 
transmission  medium.   The  medium  can  be  wire,  microwave  (or  other 
frequency)  radio,  fiber  optics,  infrared  light  or  satellite.   In  the 
United  States  one  Tl  system  controls  1.544  Mbps  of  data.   In  the  most 
common  system  the  capacity  is  broken  into  24  voice  grade  circuits  or  data 
circuits  with  rates  up  to  56  Kbps .   The  facility  that  carries  a  Tl  is 
generally  called  a  span  line  but  can  be  any  one  of  the  transmission  media 
previously  noted.   When  wire  is  used,  two  pairs  are  required  (one  for 
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transmit  and  one  for  receive) .   Repeaters  are  required  about  every  6000 
feet  on  22  gauge  copper  wire.   Radios  are  manufactured  in  various 
capacities  and  various  frequencies  which  affect  the  performance  and  the 
price. 

Tl  span  lines  are  available  from  several  common  carriers  in  locations  in 
Montana,  but  not  on  all  of  the  candidate  routes.   For  the  routes 
investigated,  it  is  always  less  expensive  to  provide  Tl  circuits  on 
common  carrier  span  lines  than  to  arrange  for  24  individual  circuits  from 
the  common  carriers  on  the  same  route.   An  attractive  feature  of  Tl  is 
that  each  circuit  is  capable  of  carrying  up  to  56  Kbps  of  data.   This  is 
a  significant  increase  in  the  rates  in  use  today  by  the  State. 
Transmission  in  digital  format  is  generally  superior  to  analog  circuits 
because  each  pulse  is  reconstructed  or  regenerated  at  each  Tl  repeater  or 
terminal,  thus  limiting  the  buildup  of  noise  on  long  routes.   The  channel 
banks,  each  consisting  of  plug-in  modules  for  each  circuit  and  common 
equipment  for  the  system,  can  be  used  on  any  of  the  transmission  media 
interchangeably. 

The  Tl  digital  format  has  evolved  into  the  primary  method  of  achieving 
voice  and  data  circuits  in  the  United  States  and  throughout  the  world. 
Because  of  its  widespread  use,  relatively  low  cost  and  quality  of 
transmission  it  is  subject  of  active  development  efforts.   The 
development  is  leading  to  an  integrated  services  digital  network,  ISDN, 
which  will  provide  universal  clear  channel  64  Kbps  circuits  for  voice  or 
data. 
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Individual  Leased  Lines 

Individual  leased  lines  are  utilized  at  present  by  the  State  for  the  tie 
lines  and  data  circuits.   They  generally  operate  satisfactorily  and  have 
no  real  limitations,  except  that  56  Kbps  data  circuits  are  not  yet 
available.   The  leased  lines  may  be  derived  in  many  ways.   In  Montana 
they  are  frequently  a  combination  of  microwave  radio  and  physical  wire, 
with  some  cable  carrier.   Their  major  disadvantage  is  that  the  cost  is 
high  and  has  increased  frequently  since  the  divestiture  of  the  Bell 
Operating  Companies  and  AT&T.   One  of  the  primary  objectives  of  the  State 
Telecommunications  Network  is  to  reduce  costs,  or  at  least  to  arrest  the 
increase  in  the  cost  of  providing  circuits. 

Satellite  Systems 

The  use  of  satellites  and  earth  stations  was  investigated  for  two 
different  levels  of  application.   One  provided  earth  stations  at  the  five 
major  cities  and  transponder  capacity  to  handle  all  of  the  traffic 
between  these  cities.   The  second  considered  56  small  data-only  earth 
stations,  one  at  each  county  seat,  and  a  connection  from  the  master  earth 
station  to  Helena  for  access  to  various  data  bases.   Both  systems  proved 
more  expensive  than  accomplishing  the  same  primary  services  by 
terrestrial  means. 

4.4   SELECTED  ROUTES 

The  next  step  in  the'  process  was  to  define  the  routes  in  the  conceputal 
designs  which  contained  the  greatest  concentration  of  circuits.   These 
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routes  were  selected  for  economic  analysis  of  their  current  costs  versus 
costs  of  alternative  technologies: 

Helena-Bozeman 
Helena-Missoula 
Billings -Bozeman 
Helena-Great  Falls 
Helena-Butte 
Helena-Deer  Lodge 
Missoula-Kalispell 
Helena-Warm  Springs 

It  was  expected  that  economic  patterns  would  become  evident  which  would 
indicate  whether  other  routes  should  be  investigated  for  economic 
advantages.   The  results  of  the  economic  analysis  are  contained  in 
Chapter  5,  and  identify  the  routes  selected  for  the  recommended  network 
design. 
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CHAPTER  5 


ECONOMIC  SELECTION  RESULTS 


5.0  INTRODUCTION 

A  series  of  cost  studies,  covering  the  largest  cross-sectional  circuit 
routes,  have  been  prepared  comparing  the  cost  of  individual  circuits  with 
Tl  carrier  circuits,  microwave  radio  circuits,  and  satellite  circuits. 
The  Tl  multiplex  equipment,  microwave  radio  system,  and  satellite  earth 
stations  were  considered  to  be  dedicated  to  State  use,  while  the 
individual  circuits  and  the  Tl  span  lines  are  considered  to  be  provided 
by  common  carriers.   The  present  worth  of  the  costs  of  operating  the 
circuits  over  a  ten-year  period  was  developed,  as  were  the  annual  costs 
of  operating  the  circuits.   The  detailed  sketches,  comparison  charts  and 
computation  sheets  for  each  of  these  studies  are  included  in  Volume  2, 
Appendix  C . 

5. 1  PRESENT  WORTH  COMPARISONS 

The  steps  followed  in  developing  the  present  worth  cost  studies  were: 

o  Define  requirements  for  circuits  and  services 

o  Develop  alternative  methods  of  meeting  the  requirements 

o  Obtain  budgetary  costs  from  vendors 

o  Estimate  vendor  price  increases  and  circuit  growth 

o  Develop  ownership  charge  percentages 

o  Cost  of  money 

o  Maintenance  and  Operation 

o  Depreciation 

o  Determine  the  annual  cost  of  service  for  each  plan 

o  Determine  present  worth  of  costs  over  the  10-year  study  period 

for  each  plan 
o   Analyze  the  results  to  determine  the  most  effective  method  of 

providing  .the  required  services. 
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As  previously  discussed,  the  requirement  were  developed  by  interviewing 
the  users,  and  by  determining  the  quantity  and  types  of  circuits  being 
used  at  present  to  provide  communications  services.   The  growth  factor 
was  determined  by  interviewing  State  economists  and  studying  the 
published  forecasts  for  Montana  covering  the  next  20-year  period. 
Budgetary  costs  were  developed  from  current  published  prices  and 
information  requested  from  vendors.   The  cost  of  money  was  established  at 
10%. 

The  maintenance  and  operation  charge  percentage  was  developed  from  costs 
for  the  same  type  of  equipment  or  facility  that  are  experienced  by  other 
users . 

Depreciation  in  these  studies  represents  the  assumption  that  the 
equipment  will  have  no  useful  remaining  life  after  15  years.   The 
depreciation  is  straight  line  and  charges  1/15  of  the  cost  for  each 
year's  use  of  the  equipment.   The  studies  cover  a  10  year  period,  so  that 
when  the  present  worth  of  investments  are  compared,  a  remaining  life 
credit  must  be  deducted  from  the  equipment  investment.   This  is  not  a 
factor  when  comparing  annual  costs  and  present  worth  of  annual  costs. 

The  calculations  used  were  in  accordance  with  the  accepted  methods  of 
recognizing  the  time  value  of  money.   Future  expenditures  were  discounted 
to  their  present  worth  so  that  their  values  could  be  directly  added.   The 
studies  are  typical  of  lease  vs.  buy  investigations.   In  this  case,  the 
buy  option  may  be  better  called  dedicated,  in  that  the  State  may  arrange 
for  a  long-term  lease  arrangement  for  the  dedicated  facility,  rather  than 
owning  it  outright. 
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The  estimated  growth  in  circuit  requirements  that  was  used  in  the  cost 
studies  was  2%   per  year.   This  is  conservative  and  was  used  primarily 
because  of  the  current  state  of  Montana's  economy.   Telecommunications  is 
growing  world  wide,  irrespective  of  economic  conditions,  as  more 
efficient  business  equipment  and  practices  develop.   This  trend  suggests 
that  the  circuit  growth  rate  may  actually  be  greater  than  the  estimate 
used.   It  would  tend  to  favor  microwave  over  Tl  as  it  would  push  the 
requirement  into  higher  numbers  of  circuits  at  an  earlier  time. 

Figures  5-1  and  5-2,  which  follow,  summarize  the  primary  economic 
results . 
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ROUTES  WHERE  NEAR  TERM  CHANGES  ARE  RECOMMENDED 
Present  Worth  of  Annual  Costs 


Cross-Section  Route 


Conventional      Tl        Microwave 
Circuits     Facilities       Radio 


Billings-Bozeman 
Bozeman-Helena 
Helena-Missoula 
Helena-Great  Falls 
TOTAL 


$1,155,191  $   716,157 

5,415,637(1)  2,040,657 

1,136,442  665,580 

681,203  482,696 


$8,388,473 


$3,905,090 


$1,382,675 

1,574,784 

1,551,223 

820,450 

$5,329,132 


Total  for  5-city  satellite  network: 
Total  of  least  cost  options: 

Figure  5-1 


$7,427,911 
$3,439,217(2) 


(1)  Use  of  direct  circuits  would  reduce  this  cost  to  $4,761,131.   (See  Volume 
2,  Appendix  C. ) 

(2)  In  the  event  that  a  5  year  contract  is  selected  and  the  Tl  circuit  costs 
increase  15%  per  year  on  the  second  5  year  contract,  the  total  of  least 
cost  options  would  increase  to  $3,542,763. 
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ROUTES  WHERE  FUTURE  CHANGES  ARE  RECOMMENDED 
Present  Worth  of  Annual  Costs 


Cross-Section  Route 


Conventional 
Circuits 


Tl 
Facilities 


Microwave 
Radio 


Helena-Butte 
Helena-Warm  Springs 
Helena-Deer  Lodge 
Missoula-Kalispell 
Billings-Miles  City 


$   315,736     $   187,526     $   652,947 
not  calculated  -  see  text 
131,658        162,258      see  text 
333,459        284,761      see  text 
not  calculated  -  see  text 


Figure  5-2 


Tl  will  be  less  expensive  than  conventional  circuits  on  these  routes  if 
the  requirement  becomes  greater  than  16  circuits  per  route.   Tl  between 
Helena  and  Butte  appears  cost  effective  over  the  10  year  period,  but  most 
of  the  saving  occurs  in  the  later  part  of  that  10  year  period.   Other 
routes  do  not  have  large  enough  requirements  at  present. 
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Analysis  of  the  results  have  shown  clearly  that  there  are  more  economical 
methods  of  providing  the  required  circuits  on  the  particularly  large 
cross -sectional  routes  than  the  current  practice  of  obtaining  individual 
circuits  from  the  dominant  common  carriers . 

Individual  circuits  are  the  most  effective  approach  in  thin  route 
situations.   Depending  upon  the  route,  Tl  circuits  are  generally  more 
cost  effective  than  other  types  when  the  requirement  falls  in  the  region 
between  18  and  48  voice  and  data  circuits.   Microwave  radio  typically 
becomes  more  cost  effective  for  higher  circuit  requirements.   Dedicated 
fiber  optic  cable  was  considered,  but  it  does  not  become  cost  effective 
in  comparison  to  microwave  radio  until  much  higher  circuit  requirement 
are  reached  (See  Volume  2,  Appendix  C).   The  use  of  either  microwave 
radio  or  Tl  circuits  would  stabilize  circuit  costs  at  approximately  their 
present  levels,  while  it  is  anticipated  that  the  individual  circuits 
costs  from  the  common  carriers  will  experience  a  significant  increase 
over  the  study  period.   Tl  span  line  costs  would  be  covered  by  long-term 
contracts  and  the  microwave  radio  would  either  be  State  owned  or  covered 
by  a  long-term  lease. 

5.2  BUDGETARY  COMPARISONS 

The  discounted  present  value  computations  identify  the  most  cost- 
effective  system  configuration.   A  microwave  link  between  Helena  and 
Bozeman  and  leased  Tl  facilities  between  Helena  and  Missoula,  Helena  and 
Great  Falls  and  Bozeman  and  Billings  appear  attractive  in  comparison  to 
costs  of  the  present  leased  analog  circuits.   Impacts  of  these  changes  in 
the  network  on  the  annual  budget  for  private  line  circuits  were  also 
analyzed,  based  on  three  different  growth  models  for  the  next  ten  years. 
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Assuming  that  no  residual  benefits  or  costs  are  created  by  the  system 
design,  only  the  private  line  costs  incurred  by  the  State  would  be 
impacted  by  the  network  design.   All  other  network  costs  would  remain  the 
same.   In  1986,  it  is  forecast  that  the  private  line  costs  for  the  entire 
state  network  will  total  approximately  $975,289.   About  70  percent  of 
this  amount  is  attributable  to  the  private  line  facilities  between  the 
communities  of  Helena,  Missoula,  Billings,  Bozeman  and  Great  Falls. 
These  costs  will  be  changed  based  on  the  recommended  network  design.   The 
remaining  30  percent  of  the  circuit  costs  will  increase  based  on  the 
growth  projections  for  each  model. 

The  budgetary  implications  of  the  recommended  network  configuration  for 
the  period  1986-1995  are  presented  on  the  following  page,  Figure  5-3. 
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Cost  Comparison  for  Total 


Network  Private 

Line  System       \ 

/7 

l^t^FY 

Current  System 

/ 

Planned  System 

Net 

Yeans 

Cost      / 

f 

Cost 

Savings 

1986 

/ 
$    975,289 

$  822,875 

$   152,414 

1987 

1,046,106 

836,232 

209,874 

1988 

1,153,545 

861,282 

292,263 

1989 

1,257,172 

892,625 

364,547 

1990 

1,345,172 

924,514 

420,658 

1991 

1,465,531 

993,858 

471,673 

1992 

1,592,814 

1,093,418 

499,396 

1993 

1,708,130 

1,114,824 

593,306 

1994 

1,859,521 

1,156,553 

702,968 

1995 

2,044,619 

1,199,189 

845,430 

10  Year 

Total 

$14,447,899 

$9,895,370 

$4,552,529 

Economic  Assumptions: 

o   7%   annual  circuit  cost  growth  on  current  system  rates. 

o   25s  annual  circuit  number  growth  for  both  systems. 

o   10%  cost  of  money  on  initial  equipment  acquisition  for  planned 

system, 
o   7%   annual  cost  growth  on  planned  system  maintenance  costs, 
o   15%  increase  in  Tl  costs  at  year  6  for  planned  system. 

Figure  5-3 
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Total  costs  of  the  current  private  line  network  are  forecast  to  increase 
by  more  than  100  percent  to  $2,044,619  over  the  decade.   The  costs  of  the 
recommended  system  are  forecast  to  increase  to  $1,199,187  over  the  same 
period.   This  slower  increase  is  largely  due  to  the  cost  stabilization 
resulting  from  the  recommended  network  design. 

A  great  deal  of  the  cost  increase  in  the  total  network  system  can  be 
attributed  to  the  cost  increase  of  the  analog  circuits  that  will  not  be 
changed  to  digital  circuits,  (the  remaining  30  percent  of  the  costs). 
The  net  savings  of  the  recommended  system  will  increase  from  a  low  of 
$152,414  in  1986  to  a  high  of  $845,430  in  1995.   Therefore,  the  total  10 
year  savings  of  the  system  will  be  approximately  $4,552,529. 

The  forecasts  indicate  that  the  recommended  network  configuration  can  be 
financed,  operated  and  maintained  within  current  budgeted  amounts. 

The  graph  in  Figure  5-4,  depicts  the  relationships  between  current  and 
planned  costs  and  additional  savings. 
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FIGURE  5-4 


Two  additional  models  were  tested  to  analyze  the  sensitivity  of  the 
savings : 

o  no  growth  in  circuits  or  costs  over  the  period  and 

o  very  high  growth  in  circuits  and  costs  over  the  period. 

The  no  growth  model  assumes  no  growth  in  circuit  numbers  or  costs  over 
the  10  year  forecast  period.   The  high  growth  model  assumes  that  circuit 
numbers  will  grow  by  5  percent  per  year  and  circuit  costs  will  grow  by  15 
percent  per  year  during  the  forecast  period.   In  both  cases  the 
recommended  system  produced  costs  savings  over  the  current  system  for  all 
years  of  the  forecast  period.   The  results  of  both  models  are  presented 
in  Figure  5-5. 

Figure  5-6  highlights  the  relative  cost  savings  of  each  model  over  the 
current  configuration  for  each  forecast  year.   The  estimated  total  10 
year  savings  that  the  recommended  network  configuration  will  produce  is 
$1,626,740  for  the  no  growth  model  and  $11,459,760  for  the  high  growth 
model . 

The  results  of  the  budgetary  comparisons  indicate  that  there  are  savings 
to  be  realized  under  any  of  the  projected  models  analyzed. 
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Cost  Comparison  for  Total 
Network  Private  Line  System 
No  Growth  and  High  Growth  Models 


NO  GROWTH 

HIGH  GROWTH 

Current 

Planned 

Current 

Planned 

System 

System 

Net 

System 

System 

Net 

Years 

Cost 

Cost 

Savings 

Cost 

Cost 

Savings 

1986   $ 

975,289 

$   822,875  $ 

152,414 

$    975,289 

$    822,875 

$    152,414 

1987 

975,289 

811,475 

163,814 

1,153,426 

861,587 

291,839 

1988 

975,289 

811,475 

163,814 

1,383,006 

925,675 

457,331 

1989 

975,289 

811,475 

163,814 

1,642,276 

1,065,876 

576,400 

1990 

975,289 

811,475 

163,814 

1,942,846 

1,131,107 

811,739 

1991 

975,289 

811,475 

163,814 

2,348,061 

1,329,989 

1,018,072 

1992 

975,289 

811,475 

163,814 

2,771,185 

1,421,386 

1,349,799 

1993 

975,289 

811,475 

163,814 

3,300,276 

1,544,981 

1,755,295 

1994 

975,289 

811,475 

163,814 

3,970,386 

1,743,236 

2,227,150 

1995 

975,289 

811,475 

163,814 

4,710,832 

1,891,111 

2,819,721 

10 

Year 

Total  $9,752,890   $8,126,150  $1,626,740      $24,197,583  $12,737,823  $11,459,760 


Figure  5-5 
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CHAPTER  6 


PUBLIC  POLICY  IMPLICATIONS 


6.0   INTRODUCTION 

The  telecommunications  arena  has  experienced  dramatic  changes  over  the 
past  two  decades  as  federal  regulatory  policies,  court  actions,  and  the 
Bell  System  divestiture  have  increasingly  promoted  competition  in  the 
previously  regulated  monopoly  environment.   The  competitive  opportunities 
allowed  under  this  transition  have  stimulated  technological  innovation 
and  have  spawned  a  number  of  alternative  providers  of  telecommunications 
services  and  products.   The  new  Montana  Telecommunications  Act  also 
provides  significant  competitive  flexibility  in  Montana. 

It  is  the  goal  of  the  network  project  to  develop  and  acquire  cost- 
effective,  responsive  and  flexible  telecommunications  services  within  the 
context  of  State  and  national  policies  and  the  emerging  competitive 
environment.  It  is  likely  that  the  State  of  Montana,  as  a  major  user, 
will  play  a  key  role  in  stimulating  competitive  service  and  technology 
options  within  Montana. 

Prior  network  studies  for  the  State  of  Montana  have  suggested  a  shift  to 
a  state-owned  microwave  network.   Such  issues  as  public  versus  private 
ownership,  telephone  rate  impacts  and  adverse  employment  ramifications 
were  not  directly  addressed  at  that  time.   However,  technological,  legal 
and  regulatory  changes  have  altered  the  network  economics .   The  economic 
studies  presented  in  this  report  indicate  that  a  combination  of  microwave 
and  intermediate  term  lease  of  Tl  carrier  circuits  on  the  span  lines  of 
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existing  common  carriers  will  likely  provide  the  most  cost-effective, 
responsive  and  flexible  solution  for  most  of  the  State's  foreseeable 
telecommunications  needs.   To  the  extent  the  competitive  process  confirms 
our  economic  analysis,  both  rate  and  employment  impacts  are  minimized. 
Provided  below  is  an  analysis  of  the  ratemaking  and  employment 
implications  of  the  network  project. 

6. 1   REGULATORY  AND  RATE  IMPLICATIONS 

The  costs  and  benefits  of  the  transition  from  a  regulated  utility 
environment  to  an  increasingly  competitive  structure  are  not  evenly 
distributed  among  geographical  areas,  population  centers,  or  individual 
telecommunications  users.   The  economic  benefits  of  competition  have 
generally  been  concentrated  in  and  among  population  and  business  centers. 
Similarly,  large  telecommunications  users  have  generally  experienced 
economic  benefits  (through  rate  structure  changes  by  state  and  federal 
regulators,  selection  of  alternative  least-cost  providers  and 
construction  of  private  systems)  relative  to  individual  residential  or 
small  business  users. 

The  transition  from  a  regulated  utility  structure  to  a  mix  of  regulated 
and  competitive  (or  potentially  competitive)  services  and  products  has 
presented  serious  ratemaking  issues  for  both  state  and  federal 
regulators.   In  Montana,  the  Public  Service  Commission  is  also 
responsible  for  implementing  the  new  Montana  Telecommunications  Act. 
There  exist  significant,  natural  incentives  for  a  utility,  such  as 
Mountain  Bell,  to  cross-subsidize  competitive  activities  through  the 
rates  of  its  monopoly  services.   The  PSC  must  analyze  and  assign  costs  to 
the  various  service  categories  in  order  to  avoid  anti-competitive  results 
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and  to  assure  that  the  users  of  the  various  services  pay  rates  which 
fairly  reflect  the  costs  of  such  services.   Because  a  significant  portion 
of  the  costs  are  associated  with  the  loop  or  network  distribution 
facilities,  the  assignment  of  cost  or  revenue  requirement  responsibility 
to  the  service  categories  (e.g.,  long  distance,  carrier  access,  and  local 
service)  is  crucial  to  both  economic  efficiency  and  equity. 

Furthermore,  implementation  of  the  new  MTA  by  the  PSC  specifically 
requires  that  the  PSC  assure  that  regulated  utility  services  do  not 
subsidize  the  unregulated  or  deregulated  competitive  telecommunications 
offerings . 

"Section  6.   Prohibition  against  cross-subsidization.   (1)   No 
provider  of  regulated  telecommunications  service  may  use  current 
revenues  earned  or  expenses  incurred  in  conjunction  with  services 
subject  to  regulation  under  this  chapter  to  subsidize  services 
which  are  not  regulated  or  are  not  tariffed.   Expenses  incurred  in 
conjunction  with  services  not  regulated  or  not  tariffed  under  this 
chapter  may  not  be  attributed  to  services  which  are  subject  to 
regulation  for  any  reason." 

The  costing  and  pricing  issues  facing  the  PSC  are  a  microcosm  of  the 

debate  at  the  national  level.   Whatever  the  merits  of  the  decisions, 

there  has  been  a  general  shift  of  cost  responsibility  from  toll  (long 

distance)  to  local  exchange  services.   Generally,  toll  rates  have 

stabilized  or  declined  while  local  exchange  rates  have  experienced 

significant  increases  during  recent  years. 

The  rate  impact  of  the  Network  Project  on  other  consumers  should  be 
minimal,  even  under  the  option  of  a  state-owned  microwave  system(s), 
since  the  primary  focus  of  the  project  is  upon  the  "private  line" 
services.   The  provisions  of  the  Montana  Telecommunications  Act, 
including  the  status  of  private  line  (regulated  or  deregulated),  will  be 
implemented  regardless  of  the.  State's  network  program.   The  new  MTA  is 

Page  59 


explicit  that  regulating  services  not  be  forced  to  subsidize  unregulated 
telecommunications  services.   If  private  line  (or  channel)  service  is 
determined  to  be  deregulated  by  the  Montana  Telecommunications  Act,  all 
private  line  facilities,  operations  and  costs  should  be  transferred  to  a 
non-regulated  status  without  any  residual  impact  upon  utility  ratepayers. 
Similarly,  if  private  line  services  are  found  to  be  regulated,  and 
Mountain  Bell  bids  the  State  services  under  the  forebearance  provision, 
appropriate  category  cost  of  service  analysis  should  assure  that  any 
revenue  requirement  (or  cost)  for  private  line  service  should  not  be 
passed  on  to  other  service  categories,  such  as  local  exchange  service. 

For  purposes  of  evaluating  and  pursuing  the  most  cost-effective  network 
design  and  acquisition,  we  recommend  that  the  State  of  Montana  avoid 
speculation  on  the  regulatory  and  ratemaking  response  of  the  PSC,  which 
is  certain  to  be  ongoing  and  controversial.   Rather,  we  strongly 
recommend  the  focus  of  the  State  should  be  upon  the  development  of  the 
most  cost-effective,  responsive,  and  flexible  network  design  and 
acquisition.   This  strategy  is  consistent  with  the  emerging  competitive 
telecommunications  policy.   Furthermore,  it  is  likely  that  this  approach 
will  best  promote  a  rational  consumer-driven  telecommunications  system 
and  the  development  of  innovative  services,  technologies  and  options  by 
carriers  and  vendors . 

6.2   POSSIBLE  EMPLOYMENT  IMPLICATIONS 

The  proposed  network  configuration  and  the  economic  analysis  indicate 
that  existing  carriers  may  retain  a  significant  portion  of  the  State's 
business.   Mountain  Bell  and  the  telecommunications  industry  played  an 
active  support  role  in  the  formulation  and  enactment  of  the  new  Montana 
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Telecommunications  Act  and  continue  to  be  active  in  the  Public  Service 
Commission's  pending  implementation  of  the  MTA.   The  new  Act  provides 
existing  companies,  such  as  Mountain  Bell  and  AT&T,  with  substantial 
flexibility  to  fairly  compete  with  alternative  carriers  or  against  the 
alternative  of  state-owned  facilities.   Existing  companies  with  embedded 
facilities  also  have  a  significant  natural  competitive  advantage  over 
competitiors  or  the  State  which  would  need  to  construct  new  facilities 
for  several  specific  routes  contemplated  in  this  project.   Consequently, 
the  possibility  of  negative  impacts  upon  employment  within  Mountain  Bell 
or  other  existing  companies  is  considered  minimal. 

Furthermore,  unless  the  efficiency  and  productivity  of  a  successful 
competitor  was  significantly  greater  than  the  existing  carrier(s),  it  is 
reasonable  to  assume  that  the  net  employment  would  remain  fairly  stable. 
If  significant  efficiency  gains  are  available  through  a 
telecommunications  competitor,  it  would  be  economically  inefficient  and 
anticompetitive  to  forego  such  economies  in  order  to  protect  or  insulate 
the  existing  carrier  (and  its  employment  levels).   A  competitive  bid 
approach,  designed  to  assure  that  the  full  range  of  alternative 
technologies  and  competitors  are  fairly  evaluated,  should  provide  optimum 
economies  for  the  State  of  Montana. 
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CHAPTER  7 
CONCLUSIONS  AND  RECOMMENDATIONS 

7.1   CONCLUSIONS 

o  Dedicated  microwave  radio  is  the  least  expensive  method  of  providing 
circuits  on  the  heaviest  router  Helena-Bozeman. 

o  Tl  on  long  term  leased  facilities  is  the  least  expensive  method  of 
providing  circuits  on  the  relatively  heavy  routes: 

Helena  -  Missoula 
Helena  -  Great  Falls 
Billings  -  Bozeman 

o  Tl  and  conventional  leased  circuits  are  comparable  in  cost  at  present 
on  the  Helena-Butte  route. 

o  A  satellite  system  is  less  expensive  than  conventional  circuits  for 

the  routes  serving  Helena,  Missoula,  Billings,  Bozeman  and  Great 

Falls;  but  it  is  more  expensive  than  microwave  radio  or  leased  Tl 
facilities. 

o  A  small  earth  terminal  satellite  system  to  the  56  county  seats  for 
data  transactions  is  more  expensive  than  conventional  data  circuits 
for  the  present  requirements. 

o  There  are  no  significant  adverse  public  policy  implications  that  would 
result  from  the  State  activily  pursuing  the  most  economically  sound, 
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technically  efficient,  competitive  network  configuration. 

7.2   RECOMMENDATIONS 

The  principal  recommendation  of  this  report  is  to  proceed  into  Phase  II 
of  the  project  and  issue  a  Request  for  Proposal  which  will: 

o  Construct/lease  a  microwave  system  between  Helena  and  Bozeman,  or 
provide  other  digital  Tl  facilities  if  more  economical. 

o  Purchase/lease  Tl  channel  banks  and  establish  a  5-year  or  longer 
contract  for  Tl  span  lines  between  Helena  and  Missoula  until  such 
time  as  the  circuit  requirement  reaches  the  point  where  a  microwave 
system  proves  in. 

o  Purchase/lease  Tl  channel  banks  and  establish  a  5-year  or  longer 
contract  for  Tl  span  lines  between  Billings  and  Bozeman  until  such 
time  as  the  circuit  requirement  reaches  the  point  where  a  microwave 
system  proves  in. 

o  Purchase/lease  Tl  channel  banks  and  establish  a  5-year  or  longer 
contract  for  Tl  span  lines  between  Helena  and  Great  Falls  until 
such  time  as  the  circuit  requirement  reaches  the  point  where  a 
microwave  system  proves  in. 

o   Include  Helena-Butte  for  Tl  circuits,  as  competition  may  result  in 
a  cost  effective  proposal. 

o  Establish  or  contract  for  the  additional  maintenance  and  operations 
personnel  required  to  properly  utilize  the  network.   This  should 
include  coordination  of  circuit  testing,  activation  and  restoral. 
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Additionally,  the  State  should: 

o  Continue  to  obtain  circuits  for  the  remainder  of  the  requirements 
from  the  operating  telephone  companies  or  the  least  expensive 
vendor  offering  adequate  service. 

o  Review  the  cost  effectiveness  of  Tl  in  the  following  routes  each 
time  the  conventional  circuits  experience  a  rate  increase: 

Helena  -  Warm  Springs 
Helena  -  Deer  Lodge 
Billings  -  Miles  City 
Missoula  -  Kalispell 

Following  these  recommendations  will  result  in  new  networks  for  Montana 
which  are  depicted  on  the  following  three  maps: 

o  Figure  7-1  depicts  the  physical  configuration  of  the  major  routes 
of  the  recommended  network 

o  Figure  7-2  depicts  the  dynamic  allocation  of  voice  circuits  for  the 
recommeded  network  (note  that  direct  circuits  from  Bozeman  and 
Great  Falls  to  Billings  and  to  Missoula  are  provided  as  a  result  of 
the  flexibility  in  the  network  design. ) 

o  Figure  7-3  depicts  the  configuration  of  digital  and  analog  data 
circuts  for  the  recommended  network. 
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FIGURE    7-3 


CHAPTER  8 
TIMETABLE  AND  OTHER  CONSIDERATIONS 

8.1   TIMETABLE 

The  following  is  a  tentative  timetable  for  implementing  this  network 
procurement: 


Develop  Technical  Specifications 

Develop  RFP  General  Documents 

Develop  Bidders'  List 

Issue  RFP 

Develop  Proposal  Evaluation  Criteria 

Bidders  Conference 

Bidders  Submit  Proposals 

Evaluate  Proposals 

Award  Contract 

Deliver  Channel  Banks 

Tl  circuits  turned  up  for  service 


March  17  -  June  13,  1986 

March  17  -  April  12,  1986 

March  31  -  May  23,  1986 

June  21,  1986 

June  23  -  July  3,  1986 

July  7  -  July  8,  1986 

August  29,  1986 

August  29  -  September  12,  1986 

September  24,  1986 

January  26,  1987 

February  9,  1987 


/ 


If  microwave  radio  is  built  in  one  or  more  legs  of  the  network,  9  months 
will  be  added  to  the  elapsed  time  for  path  surveys,  land  procurement, 
equipment  installation,  frequency  coordination,  and  licensing.   This  will 
apply  only  to  the  microwave  leg.   The  other  legs  can  be  used 
independently  as  they  are  activated. 
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8.2   REQUEST  FOR  PROPOSAL  (RFP) 

The  RFP  technical  specification  should  be  structured  to  allow  the  bidders 
to  provide  Tl  circuits  in  the  quantities  specified,  by  one  or  more  of 
several  methods: 

o  Provide  capacity  on  existing  facilities 

o  Construct  dedicated  facilities  for  the  State 

o  Construct  new  shared  facilities  on  which  capacity  for  the  State 
would  be  provided. 

Construction  of  a  satellite  system  with  terminals  is  not  necessarily 
excluded  from  the  acceptable  methods. 

The  bidders  should  be  given  the  option  of  bidding  on  all  legs  of  the 
network  and  any  combinations  of  individual  legs.  The  bid  evaluation 
scheme  should  award  extra  credit  for  bidding  on  multiple  legs. 

The  bidders  should  be  encouraged  to  form  joint  ventures  or  other 
combinations  that  reduce  the  overall  number  of  vendors  supplying  the 
network.   This  can  be  accomplished  with  the  bid  evaluation  scheme  by 
awarding  extra  points  for  appropriate  action. 

Flexibility  in  the  availability  date  for  Tl  service  should  be  allowed 
when  the  bidder  is  constructing  or  planning  to  construct  appropriate 
digital  facilities,  provided  that  the  bidder  will  provide  adequate 
interim  analog  facilities  on  the  same  route  at  a  cost  comparable  to  the 
cost  of  an  individual  circuit  within  a  Tl  system.   Failure  to  provide 
digital  circuits  as  proposed  should  be  accompanied  by  a  penalty  included 
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in  the  contract. 

8.3  INTEGRATED  SERVICES  DIGITAL  NETWORK  (ISDN) 

The  telecommunications  industry  worldwide  is  moving  towards  the  concept 
of  an  integrated  services  digital  network.   This  network  will  provide  64 
Kbps  channels  universally  for  data,  voice,  or  any  application  that  can  be 
digitized.   The  network  concept  is  based  on  the  Tl  system  and  is  expected 
to  gain  popularity  with  businesses  and  governments.   Montana's  Tl  network 
will  represent  a  significant  step  towards  preparing  for  ISDN  when  new 
requirements  make  it  a  necessity  in  the  future. 

8.4  TRANSMISSION  QUALITY 

While  the  present  circuits  used  by  the  State  are  satisfactory  in  quality, 
Tl  will  in  many  instances  improve  the  circuit  quality  because  of  the 
superior  noise  characteristics  of  the  Tl  PCM  system.   In  particular, 
digital  services  feature  periodic  regeneration  of  signals,  rather  than 
simple  amplification.   While  amplification  serves  to  strengthen  both  the 
wanted  signal  and  the  unwanted  background  noise,  digital  regeneration 
rejects  noise  and  recreates  a  near-perfect  duplicate  of  the  wanted  signal 
for  on-going  transmission. 

8.5  MICROWAVE  REPEATERS  AT  COUNTY  SEATS 

If  the  Network  RFP  results  in  a  microwave  system  between  two  or  more  of 
the  network  terminal  cities  --  Helena  and  Bozeman,  for  example  -- 
circuits  can  be  provided  at  very  little  additional  cost  to  several  of  the 
county  seats  which  are  used  as  repeater  sites.   In  the  HelenarBozeman 
route,  Boulder  is  a  repeater  site.   A  drop-and-insert  capability  can  be 
provided  when  the  system  is  built  which  will  provide  for  circuits  to 
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Boulder  from  any  network  terminal.   The  existing  circuit  requirement  from 
Helena  to  Boulder  can  be  satisfied  in  this  way. 

8.6  COMMON  CARRIER  MODERNIZATION 

Currently,  Montana  is  one  of  only  5  states  where  Tl  facilities  are  not 
offered  to  private  line  customers  by  the  common  carriers.   The  State's 
decision  to  move  into  Tl  digital  circuits  will  have  the  beneficial  effect 
of  encouraging  the  common  carriers  in  Montana  to  modernize  their 
facilities  by  adding  digital  capability  to  their  networks,  and/or  by 
offering  them  for  use  by  private  line  customers  for  the  first  time.   This 
will  benefit  various  businesses  who  also  need  this  type  of  service  and 
can  act  as  a  positive  factor  for  Montana  when  businesses  outside  of  the 
State  are  seeking  new  locations. 

8.7  NETWORK  CONTROL 

The  State  will  gain  additional  control  over  the  circuits  used  for  its 
communications  through  the  activation  of  a  network  management  capability, 
to  be  provided  with  the  new  systems.   This  should  result  in  an  improved 
degree  of  capability  for  troubleshooting,  diagnostics,  and  control  of 
network  resources  from  a  single  location.   In  addition,  this  capability 
should  permit  the  State  to  better  assign  priorities  for  service  restorals 
in  the  event  of  a  temporary  interruption. 

8.8  ECONOMIC  RELATIONSHIPS 

The  economic  relationships  between  the  various  methods  of  achieving  the 
circuits,  as  shown  on  the  diagrams  in  Volume  2,  Appendix  C,  represent  the 
cost  relationships  for  1986  used  in  the  analysis.   The  relationships  are 
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constantly  changing  because  of  changes  in: 

o  Regulation 

o  Competition 

o  Technology 

o  Circuit  Costs 

They  therefore  need  to  be  kept  current  by  means  of  on-going  research,  and 
should  be  revised  at  least  twice  annually. 

These  charts  should  be  referenced  whenever  the  number  of  circuits  in  a 
cross  section  changes,  in  order  to  determine  whether  to  add  Tl  or 
conventional  circuits. 

8.9   ARMORY  -  MITCHELL  BUILDING  LINK 

The  Armory  -  Mitchell  Building  link  which  resulted  in  part  from  work  on 
the  project  is  considered  a  pilot  installation  and  training  facility  for 
the  overall  network.   It  is  believed  to  be  the  first  customer  premises  Tl 
installation  in  Montana,  and  therefore  provides  valuable  experience,  not 
only  for  the  State  employees  and  contractors,  but  for  Mountain  Bell  as 
well. 

This  installation  will  familiarize  the  State's  communications  personnel 
with  the  various  aspects  of  Tl  channel  banks,  span  lines  and  near- 
millimeter  wave  radios.   The  characteristics  and  maintenance  requirements 
and  the  network  management  via  remote  alarms  and  condition  indicators 
will  provide  a  valuable  and  timely  introduction  to  these  aspects  of 
modern  digital  networking,  which  will  increase  in  importance  as  the  full 
State  network  is  implemented. 
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8.10  CHANNEL  GROWTH  CONSIDERATIONS 

Provisioning  of  the  Tl  channel  bank  equipment  will  be  developed  in  detail 
in  the  technical  specification  to  be  included  in  the  State's  RFP.   For 
simplicity  and  consistency  in  the  cost  study,  through  circuits  were 
represented  as  terminating  at  each  intermediate  city,  which  would  require 
back-to-back,  channel  equipment.   This  would  not  normally  be  done;  if  the 
requirement  is  for  approximately  24  circuits,  they  will  not  terminate  in 
the  intermediate  city,  but  would  instead  be  provided  on  direct  Tl 
facilities  between  the  two  terminal  cities.   If  the  requirement  is  for  a 
relatively  small  number  of  circuits,  they  would  probably  be  combined  with 
circuits  that  terminate  in  an  intermediate  city,  but  will  pass  through 
via  a  drop-and-insert  multiplexer. 

Multiplex  is  available  at  present  that  will  provide  44  32  Kbps  voice 
circuits  on  a  Tl  facility,  versus  the  usual  24.   Our  evaluation  of  the 
use  of  this  equipment  is  that  the  duality  of  the  voice  transmission  is 
slightly  degraded  and  their  use  for  data  is  restricted  to  the  lower  data 
rates.   At  present,  this  option  is  not  considered  desirable  for  the 
State's  network.   However,  as  this  compression  technology  continues  to 
improve,  sub-rate  voice  encoding  may  become  viable  for  the  State  network 
at  some  future  time. 

8.11  ADDITIONAL  BENEFITS 

Voice 

When  a  Tl  system  is  installed,  the  individual  circuit  modules  can  be 
purchased  at  a  very  small  cost  in  relationship  to  the  overall  circuit 
costs.   It  will  therefore  usually  be  advantageous  for  the  State  to 
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install  all  24  circuit  modules  in  a  Tl  system  and  activate  the  additional 
circuits  between  the  nodes.   This  will  improve  the  availability  of 
internode  circuits  above  the  required  minimum  and  reduce  the  overflow  to 
discounted  toll.   The  cost  of  this  strategy  is  negligible,  and  it  has  the 
additional  advantage  of  providing  spare  circuits  (as  opposed  to  spare 
modules),  and  painless  growth. 

Data 

Tl  services  make  56  Kbps  data  circuits  available  for  the  first  time  to 
the  State  between  all  of  the  network  terminals.   This  represents  a 
significant  increase  in  the  quantity  of  data  that  can  be  transmitted  on 
one  circuit,  as  the  data  rates  being  utilized  at  present  are  2.4,  4.8, 
and  9.6  Kbps.   The  use  of  56  Kbps  circuits  is  often  more  efficient,  and 
can  also  provide  significantly  faster  response  time  in  key  teleprocessing 
applications.   In  addition,  56  Kbps  circuits  would  support  certain 
innovative  applications  (e.g.,  remote  job  entry,  machine-to-machine 
transfer,  Group  IV  facsimile)  as  their  need  may  arise. 

Video 

Video  conferencing  can  be  accomplished  satisfactorily  on  Tl  circuits 
between  any  of  the  network  terminals.   The  quality  of  the  picture  is  not 
equal  to  broadcast  television  with  respect  to  motion,  but  it  is 
considered  satisfactory  for  a  relatively  static  situation  such  as  a 
conference  or  a  classroom  presentation.   The  full  system  allocation, 
1.544  Mbps ,  is  usually  required  for  the  applications. 

At  least  one  compressed  video  codec  is  being  offered  for  sale  that  is 
designed  to  operate  on  one  56  Kbps  channel  of  a  Tl  system,  but  the  motion 
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capability  is  so  limited  that  we  do  not  recommend  it  for  video 
conferencing.   It  is  considered  suitable  only  for  a  very  limited  set  of 
applications  where  "Freeze  Frame"  pictures  are  adequate. 

The  Department  of  Administration  has  submitted  a  planning  grant 
application,  focused  on  public  and  educational  television,  to  the 
National  Telecommunications  and  Information  Administration  (NTIA)  of  the 
Department  of  Commerce.   While  separate  from  the  actions  recommended  in 
this  project,  the  application  does  grow  out  of  interest  expressed  in 
meetings  with  agencies  such  as  the  Office  of  Public  Instruction,  the 
State  Library,  the  Montana  University  System,  and  others.   The  planning 
process  also  has  been  endorsed  as  an  appropriate  next  step  by  members  of 
the  Telecommunications  Policy  Advisory  Council. 

Emergency  Radio 

Control  circuits  for  the  various  emergency  radio  systems  can  be  provided 
on  the  network  whenever  the  need  for  a  control  circuit  coincides  with  the 
network.   It  is  unlikely  that  the  complete  circuit  can  be  provided  from 
the  remote  site  to  the  operator's  console,  but  it  will  be  possible  to 
furnish  the  portion  of  the  circuit  between  the  cities  on  the  network 
(Billings-Helena,  for  example).   This  strategy  will  reduce  the  overall 
cost  of  emergency  radio  networking  significantly.   If  a  microwave  system 
results  from  the  network  RFP,  the  repeater  sites  can  be  used  as 
additional  emergency  radio  sites.   This  includes  the  use  of  the  land, 
building,  tower  and  power  sub-system.   This  could  represent  a  significant 
cost  savings  for  the  State  organizations  utilizing  radio  systems. 

The  Department  of  Administration  has  issued  a  Request  for  Proposal  for  a 
consultant  for  Emergency  Radio  Services  and  9-1-1  Implementation.   The 
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work  of  this  consultant  can  assist  the  improved  coordination  of  emergency 
radio  among  States  and  other  agencies. 

8.12  IMPLICATIONS  OF  FEDERAL  POLICY 

In  the  issues  of  LATAs  and  deregulation,  the  State  of  Montana  has  been  a 
victim  of  policy  setting  in  Washington,  DC.   While  the  Federal 
Communications  Commission,  Department  of  Justice,  and  other  Federal 
policy  makers  have  acted  with  the  interests  of  the  nation  at  heart, 
Montana's  unique  circumstances  have  gone  largely  unrecognized. 

To  avoid  further  Federal  policy  decisions  from  adversely  impacting 
telecommunications  in  Montana,  the  State  should  give  strong  consideration 
to  increasing  the  degree  of  influence  it  has  on  Washington.   To  this  end, 
the  State  of  Alaska  should  be  looked  upon  as  a  possible  model  to  emulate. 
At  the  very  least,  even  if  adverse  legislation  cannot  always  be 
rewritten,  sufficient  advanced  warning  may  be  derived  so  that  the  most 
serious  impacts  may  be  mitigated. 
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